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other than in connection with a definitely related
government procurement operation, the U. B.
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ment may have formulated, furnished, or in any vay
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
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patented invention that may in any way be related
thereto.
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PROTECTION AGAINsT IONiziNG RADIATION4

X-irradiated Monkeys Receiving Preirradiafion Prophiylaxis
and Postirradiation. 1heragw
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7.2 to 7.4. Samples were diluted to 10 ml. with the methods specified by Wintrobe (9) were
distilled water and administered 60 minutes .i~sed for counting and for other determinations.
before irradiatton.

Batteriologia and parasitologic examina-
Oral doses of AET aidc cystejn* werg pre* Cions were effected Qn bloodl ?rtj feces both

pared in a similar manner, neutralizeillogethW %eigeq afR~ &fter irradiatiorlt. Samples f or
with 2.5 ftorinal NaOH to at pli Of 7.2 Io 1A paasft"Wy were examinedl by the ether Con-
diluted to 8 to 10 mL with 0.5) M phosphate cend1alion r~th~t;.stool baclertoloýýc samples
bu~ffet, andC gavagre I~ ijiutc.41UN¶)Core irraofte were 4yaiI)Cln 4y a1C MsT1~Lrd 'three-fllCdia"
tion. technic and Phen by tet~athionmw% enriclimetit.;

blood bacteriologic samples Wire Colleeed on
Nembutal p7~is IRAIini~terec? Intravenously 1-oz. agar slants tsisng tr~ptose-ghIQ.,a bji'oth,

15 minutes befgre 'Irri ation at a dose ej "4I thl plateii Jpy sitauld Itbhnic. ''o. gli
8 to 10 mgjb. todi; we?glht. It tninjm~inoso ?n th~ftse of antib'ickif P"Otive, MEd ctt~ureQ
was used tc% -"~eve anestheea, 41tecking W jerp t.. ikr s~nsitivjty to %arjis drug4 by
Uihe "eyeX4-refteVj' MeSLed. .ks ta rgsu44 DO IMbg D pajr Lac Me~mvo
entire calcJte~j d~eWe' " $"time%3 n*1 *&

JHematmog~r *xami&fions &WRj 4 higbiboltitay. 1620 r. ka 'hru gpean vale
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Water intake. was obtained by Calculating the probabilities were calculated by Fisher's
the unmint gonsumaed £rom a 50O-ml. bottle. of Exac't Method at the 30-day point.
waler gfwen to eagh aninit JA~UY. Fomd Onel
sun1ptilsi (in talories4 Vas calcu~ate4i y "I, RFVSULTS

e~tmatne the unconst~mec? Oortio% 45 tttg Tabile. I eSomnirizes the iongqvity of the
4tmwnt XIMi al*Ma~imakly 16 hopr$ eafte? 610 an~ia~i Tha? Ivere TroAed before and
Ifeeding', af~o fU~dia~jri tgroulo 111)9, control animals

Wie AelrVial &p Calculated in May,*, was tha4 wcr- givas W~rap;? after irradiation

usg# Inu w.oparipg tTie treated 9SimalP witb 4groulf II; anct - he fWP frPdiated control

Aei.irradiated-A~eral~t controls, and s;a~p Ij*ý" rfie no wasmen fgru d1y).

wvitlj fte ktadiajed1 sntrols that recei~d rg ". W~,jtrA t ,,~, I ws1 as
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tion. These values are xreanil for 'tt~br animals TABLE 11

which ere alve ~ 'he.,3tatiaS akaal probabilities for the survival
weights have bet-n ¶pra-eU;ed as Vercen~ar o~f Qta1istjcal o
the baselinp vvALues before jgpctiatdoi w~ih, don"_____________M__

in~ turn, have been q'4w~nadzed to tfO cMnAk I Yn-Whi-e
value. for the rhesup mnjjvy in t1* o~W T!epy "i'c' U" JIan-htn

The animals pre~realwl wit% 3?ieVien~ea? Vro- ()tWMc4*"Wa(T niei ' (days unti; dea~th)

tectants (group TIT) *&Wneft tIheil Nva_,Af OW-i'

better than those, *ha4 W*6dVg 0%IWin\4 ('4010

treatment only (group III* V.' Moot :3~

Var~atioi?* in tempe tuiK4M W f&-aiitt4 66 'P

howevet, anijnaM io r'eoup it$ at*S owAb~~
Their bw~y t~mpe~atur%.bej~tr ttigbjj "~~SOSO~ laolp!'l2
a*4 Wef ago (4 44 I4da .oj0 1&DGOD
j4 Jess fluctm~doA Sb -hgroLV J& &L It I .Of

Sis a IrMWVn wbeh ~frIS foteuJ- __ _m -

sperjp~erA S..a p"WYc tSw flogp CT i"n ,

Am W aftnab^ up white bloofflelt f--AP Sa* .hf for group 14
*1k ~jIjtig¶ý, $(a lgs-s el!tc% l~hielets and

_0 THERAPY 1Mti(u~cy1O are 4,; Va e i group 114
0 T eroglobi;?s Wre V~~what tiighe during the

C*L Jý ghow'% the geeiltit ob!~ned by
ft y" 1,4e Jrxart Test jind the Mann-
%U19~ey "0*Te'l'Aie~sc data. I19ne of the

of Ponsideaed sijwificlint (re-

T ~@WrtO 64P) bvgr there is signifa
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P"ute anorexia, diarrhea, bloody diarrhea, dehy- group III and appearect some seven days later
dration, some epilation, and very low body than in group II.
temperature occurring just before death. A--
the end of the first week, essentially wm -white Tables V. Vt. andi V't describe the patho-

cells or platelets were detected rtt the peripheral logkc :incings f'or gveups 4, 1, and III, respec-
blood. The extremely shorl sur•,,ival time of %e tively.. Iong ntz#gw fatuve anA atrophy 6f
monkeys in group I makes it kpossiWo $ plhi fnp•id tissuq are consistent findings in al'
curves showing data vomparable To thal W the gyQups. Animal 480 tgxup Z;?). whaich lived
other groups. 618 daps aftee idýa~ion. itcjually showed a

sjig~ty bypelvllular abone qaayav With

Figure 3 shows the wajie ancT 114i int1e nt~merous mitotij ligtrs. It is iniesting to

of the aninals expressei as t4e gvup mean oý,servq thq tc.. .rnnce ofr menigigtis ý991%

percent of the am@1J1 •ffftre4 The numbefV table VII); 1his f~pW9g Srs kpeI4 nested i4•
in parentheses represent the number i annmals 6e#era? animats in *t4e" phases T 4be re-

comprising the group ut fbaf t+ne, ¶ese 4lta •earch 401.
inilicate Shat failure to alilizi 3tLua~ttle fl4U is
an extigmelp importai% (taS(w W mahn?'ii•gj rW •JS
the normal J1aid balanw# a4 " the protec-
tive drugs do not appr qaby alteJ thG osit41 tlJW3 It t £k Mt experllrt• ui Ilxt labora-
tkn. PRsterradiae, agoJla was seen ill b4b %k I Mch any &rAUte¾J #nim- A 'a, tsir-
groups, tuI waS soruwiat JW.s se*ce Sp vfeM 'Ks tong as 30 days aflar bei4 gien

IRRAIDATED-THOIAPY CONTROLS 1FRDIATED*RT,,ET& TH&"OjY ANIMAW

-4FOOD Volaries) 0-~40 WfO (C*Ac4
0MV-0 H2(s S0- 0-0 60 (cc'4

*60 M

S90

O 0 *, "

e (3)

I• a

([ 2 ) (4 ) l

\'(•6) 9cc- _ - "

10} (

(I0 \ /

(4)O . . . . .. ' . . . . . . . .' . .' . ' ' 3 -

.0 2 C4! 6 8 10 12 14 16 18 20 22 24 26 28 30

DAYS POST IR'RADIATION

F'IGUR 2

SI', slrt't iv,,! ch,I Cl)S i , food id 1/'a(tlr i, sumnit im, for groups II and 11.
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TtiBLE, V

Pathologic samtnaiy for groutp I

Animal Gross findings Microslcopic findings
No.

Ilt Pet~echis of skin, Woinnc apcif~ia! even Atrophy, bone marrrow lyamphoi~t tis~ue.
Rion and liemorrhageV Oe~jl* Focal Atrqghy, slight, intestinal epithe~um.
hemiorrhage, c~oao.

134r' Poet&chiac of skin. V~oca? hemorrhage of 1A1ophy. bone nmarfm*ni S bphoid %issue.
Rubarachnoid space, cerebral cor*% Omls flight atypia of Valosle sotm .
Henhori~agtc ulcers, colon.

%kcr~jioS and hemarriagEI ce~um.4jesccnR. Atrophy, bone marrow anlP %wpipld tissue.
Ing colorp nam rectum. W(Rech~aj 9emqr- Fatty metamorp~hosis, Bligbt, lives..
rhage, - nnutosa diomach Wn$ urienW,
blnadderq

13Hl Petechiat emorlliages 00 skin, jeastra Alrophy. bon@ trino and lymphold tMsug.
bitestinal m~cosa, serous suetaegs# IWngs. Bactiviai l~oniatiom.Iidiar adopal, s"
Uiceratioi mild, colonic mucona. tung.

TABLE VI

Pat~hologic 4inlings for grouip 11

Anqimtal liross findings Micromcopic findings

IlE Iktcchiul hernoirhageri of 4hin, setrous aoi*- 1Hemiorrhage? OWI ulcerntion of moloniP muitensa
focem, epieardlium, stomtach, and sauell In# with pseudiornembru tit foriwittiun. Atrophy

11 hetine. Subaraclinoij heniorrhi~o, focal, of bone 111arrow aacijin~hoid t~ime. Mos-
0 Ulceration trod hernerrhaige, transverse stive hemorrhage and edenia of lung*.

colon. .

7SE I'e~vWtxl hemorrhages of skitt, MCItOLIS HUr- Atrophy, boric marrow, with early regenera-
faces, eic~ar~iim, liver, stomach, colon, tion. Atrophy, lyirphoid tissue.
urii miro bladd~er. 9I0ceration aand he nor-
rhag11e. iieu ut. U ceoquion andl heniorr-htge,

*84E l'etecliial ¶iemof'rhages of skin, grums, serous Atrophy, hone marirow andl lynmphoid tissue.
surfaert, upicardii nat, stomach. snmallI in- Hemorrhagic jilcepi, colon, and sk~in.
testinie, and cotlon. Iit'tion-linge and edema, Subinucosul hemorrhage, focal, colon.
timmues oif pelvis. Muiltip~le smiall henior- Edeman, luings.
rhagic ulcers, colon. Hetmotthtage ttnd
ulceratiton, rectu m. Severe tilcers, henior-
rhagic, skin.

92U, WVblespread petechiai and focalni hemorrhage. Atrophy, bane miarroav ttnd lymphoidI ticssuc.
Focal ulcueration of Stonmach macuesa. M ico-sal neocrosis, focal, stomnach.
Ulcers, lips5. Congestion, lungs.

9E Generalized petechial hemorrhage. lienior- Atrophy, bone marrow and lyniphoidl tissue.
rhage attd thickening of vol oi ir n1ocosa - Nec rosis anad hemiortha ge. foctal, colon.
.Suharachnoidl hf-moirrhitgv right arttrhnoid
hvinorr-httg, right, fr-ontitl lobe, minimial.

I11 111 Softvnilag of right. ma xii Ia. 1' roinflnt mater' ial Ned Liced coll ttl ail y of bone ntttr()w, Atrophy,
in ma xii a ry sinlits. lynin phoid t issue. Ostoontyel itis, a' axilla,

acuite tatd croni-ci



TABLE VII

Pat hologic findings for group III

Animal Gross findingsk Microscopic findings
No.

55E F~oul large peltprated ulqers iQ *Dlon and Focal, .ibrosis and calcification of spleen and
recteril Small white nodvles througheut lungs. Acute purulent meningftis, cere-
lt~gf Calcified nodules in spleen. bellum and cerebrum. Penetrating ulcers
Petccriae of v~mach and WR8deU *pf colon. Atrophy, lymphoid tissue. Hy-

peirplat&, myeloid seriesjo'bone marrow.

66E Widgspread 'petechial and focal liemcgliag. Ij~ceration and hemorrhage of q~loriic mucosa
nitatiof stomach a~d sawQ IRT.st?9e. -v-..:02 pseudomemlŽrane. Atrophy,. bone
Hemorrhag?9eo?**s., cecap. IVbeu. Np. inarrow and lymphoik? tissu4 W~espread

I tacterial, colonization.

8 Suq~claneoii* hemoiiafte afJ ec?ewna, fWu, jkVpph3P* trmplioid. tissle. Hemorrhage,
URd Seek. General~ze&f petechiat bonoft edema, and pneuriva 4a jvng* Igenera-
rhagj §ubaW~hr*U heYMPOSft focal. tioj% Jone ms9rr~bw*
llemorAiage aR4 edema,. ?gs.

82&, EdenAO aR& cong#Sb1,4olon, sliglit. Crypt *bscesse% -co?42. A~trophy. lyuphoid
ftw&# &9y~o~4jariT~? of lbone marrow.

98E llenio~hage, petee9aal and fWp gaftrali~t JIsephy Sonq ma~wvo an() Ltmphoid $issue.
llemorrh*ge, agd and mcdiaslinun,. *'ifl lilsc iP4 4ivcr. TBactcrL4 foloniza-
Multiple small white nodules@ 'iver. Hemore tioj% geneu~lizes jifemorrhage and edema,
rhaVA and edema, sw~k foi~f * muifsal, cdko W4caD ¶iernorrhage and

pneumonia, 4@ngse

l1vmoAiag~icc~a% Aifynaýc0 JP"a adle4olar an# lubl"a neeqosis, 1ýidneys.
ljancy (jOgftA~br~spleeA lPmaI interstitial liemorrh~age, kidneys.

jb Awg boca g~erafja 4qalaries.

12SE Vd~eTiftia oorm~age, lieamrgiiaV Hiestine. ¶U4I4 4U4g I9UNDIn# "~n. Zxtensive
Abn. Hemor*W~d Mbr% tuqS& t~ul- Won* of pu~wiqar gdomh, I.UmrU4g@*

skbps*s mg#ocaPCVPii

V~LU.6im log %Wak u~eralmam wLjih fWgt SfCrp9 .,3* "c prarm-0 Atrophy,
*sQ6S74wiA4pe ialw~mft agcndr* *wvi4od OissLV M~IusG mnTlaiVatorp

IftfiltrAion~, %Wgs. 1J~crj~jo i~n4 9irulent
qsu(Tdfh Urn. j"crnu~ncsis, focal'.

900 r 4f x-tas; , aqs Ilie ~d n1a traftiws Obsi offoritq a 14gb blood level of a
sMVT1fma'.ica1Iy jrq~e4j X~nr4 Ik, s~rVjVQ go radical sunwp ýA4T or a hornolog) mid
rnor% ftaa Aq? n3r's bj Iijcg41 of~ Y #0 addi'loal gi~wpqed (cysteine) which may

bea on~dical sump and sma. also ptarticipate ini
Tj'W (themW bISeaUWAl %sUA far radjopro wrmaj mc~aboTism? (2) an oral dlose

tection is Oinre exteg~wx t$nui t~tiejp trearnept og hl~ xame coinryowias proVidesi direct physical
.prn-eMoius;Y rjgjiu'toj 411 twinAe.Y ti 41. We mnilct a*4 presurnahay alksf)rption ill the
;*4j~ el'iferent. mc5guuainis oj lvtectior?, gastrointwilinai timct, and allows the total conl-

petsLos*~ aflI ElA' am' r~~vv"Itralion 9f the drugs to'be in~u a M tiw

of Sr~)i~p~ For ~un~e, (1D *~me~ii ~2iesb:y incroqising th9! toxicity; and (3) the_

9
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use of pentobarbital sodium introduces a drug There seems to be no question thut chemical
which decreases respiration (in terms of rel- protection and symptomatic postirradiation
ative O2 concentrations), lowers the overall therapy can be advantageously combined to
metabolism rate, creates some tissue hypoxia, ameliorate radiation injury. The chemical
and potentiates the effect of AET (5). prophylaxis very probably decreases radiation

damage to the gastrointestinal tract. The fact

The actual chemical species present In a that it does not appear to protect the lymphoid

homogeneous aqueous mixture of AET and tissue or the bone marrow confirms the find-

cysteine is yet to be determined. Preliminary ings already reported in some 80 other chemi-

work shows that the protective effect of this cally protected monkeys that were given lethal
or supralethal doses of x-r'ays (6). These

mixture depends on the concentrations of the er re th ertypified b the
8 earlier results are further typified by the

two compounds: it also indicates that when histopathologic findings that demonstrate bone
the two compounds are mixed In water before marrow recovery but lymphatic tissue failure,
treatment, they are more effective than when as in the case of 48E.
they are given to the same animal In separate
aqueous solutions. The product may be a The classical symptoms of radiation death-
mixed disulfide or a sulfhydryl compound of anorexia, diarrhea, dehydration, epilation, and
relatively high molecular weight. The problem weight loss--are found to a lesser extent, or
is being investigated by paper chromatographic are delayed considerably, In the therapy
methods. animals and in the protected-therapy animals.
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